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I. Introduction
The search for new crystalline compounds is one of the major issues in inorganic chemistry and material sciences. Scientists have successfully synthesized many new materials and studied their properties, but the purely experimental approach is no longer the only route to discover new compounds. The theoretical prediction of new compounds and new (meta)-stable modifications of already existing solids followed by their synthesis is fast becoming an alternative [1] [2] [3] [4] [5] [6] [7] [8] . One of the modern approaches to address this issue is to combine data mining and quantum mechanical tools [9, 10] .
In previous theoretical work [11] [12] [13] [14] [15] [16] and experimental studies of thin films [17, 18] , the so-called 5-5 structure has been observed. However, one should note that different scientific groups have rediscovered this structure in different contexts, and afterwards gave different names to this structure type. [13, 17, 18] This structure type can be described as a mutual fivefold coordination of cation A by anion B in a hexagonal lattice (P63/mmc, no. 194) with ABAB stacking, where A-atoms form trigonal bipyramids around B-atoms, and conversely (see Fig. 1 ) [11, 19] .
The 5-5 structure can be derived from the h-BN structure by requiring that the bond length in the c-direction must be essentially identical to the one within the planar hexagons. In order to find the best chemical system for the synthesis of a bulk modification that exhibits the 5-5 structure type, we performed data mining based explorations in group V, IV-VI, and III-VII binary compounds. In each of the investigated systems, local optimizations on ab initio level were performed for the 5-5 and typical AB-structure types for comparison.
II. Theoretical Methods
In order to find suitable AB compounds for a synthesis of the 5-5 structure type, we performed a data mining based exploration in group V, IV-VI, and III-VII compounds. [20] [21] [22] [23] [24] The guiding idea was to find AB compounds with ten valence electrons in total per AB pair. This would formally allow the system to form AB compounds with five bonds per atom, leading in a natural way to a five-fold coordination. For such combination of elements, we first performed a local minimization of the hypothetical compound on the ab initio level in the 5-5 structure type. If this resulted in a stable structure, we computed the E(V) and the H(p) curves 1* for: the 5-5 modification, the experimentally observed structures, plus several important AB structure types, which had been found in previous calculations and experiments for other AB systems [15, 16] . The experimentally observed structures were taken from the ICSD [25, 26] and all the total energy calculations and energy minimizations were performed on the ab initio level using the program CRYSTAL09 [27, 28] . Density functional theory (DFT) was applied for electronic structure calculations [29] [30] [31] [32] , with the Slater local exchange approximation [33, 34] and Perdew-Zunger correlation functionals [35] . The all-electron basis sets (AEBS) were taken from ref. [36] and effective core potentials (ECP) were taken from ref. [37] .
The symmetries and space groups of the related configurations are determined using the algorithms SFND [38] and RGS [39] as implemented in the KPLOT program [40] , and the CMPZ algorithm is used to compare structures and confirm our results [41] . Visualization of the crystal structures was performed using the VESTA code [42] .
III. Results and discussion
None of the combinations among the elements of group V yielded experimental AB structures for further optimization. However, combining all the elements of the groups IV and VI and all the elements of the groups III and VII, we have found several possible candidate systems for further research. Availability of experimental data in a candidate system was one of main criteria, since in this study we performed only local optimizations, and most of the AB systems had not yet been globally explored on a theoretical level. As a result TlF, SnO, SnS, SnSe, GeS, GeSe, PbO, PbS, ZnO and ZnS were chosen as candidate systems.
Our results show that in most of the chosen systems, the 5-5 structure type appears in the negative pressure region 2* as a local minimum. The best candidate for synthesis of the 5-5 type in this pressure region appears to be germanium selenide.
In the GeSe system we performed local optimizations with LDA starting from two experimentally known structures, the GeS type, showing space group Pnma (no. 62), and the NaCl type, exhibiting space group Fm-3m (no. 225), and three so far unknown types in this system (TlI type, space group Cmcm (no. 63); wurtzite, space group P63mc (no. 186); and the 5-5 type, space group P63/mmc (no. 194)). The calculations were performed also with the B3LYP functional, resulting in slight changes of the E(V) curves. However, the order of predicted minima did not change: the TlI type was the high pressure phase and the 5-5 structure type was a transition structure on the route to the wurtzite type in the low-density region.
This procedure was followed in the GeS, SnS, SnSe, TlF, SnO and PbO systems. The results were similar, with the exception that the 5-5 modification was higher in energy compared to the ground state in the GeSe system (at standard pressure). In the PbS system there is a lower possibility of finding the 5-5 type, since it is only a small minimum on the way to the wurtzite modification in the negative pressure region. In contrast, for ZnO and ZnS, the 5-5 structure might be a high-pressure phase. Concerning the ZnO system, studies using the prescribed path algorithm [43, 44] showed that the 5-5 type is a local minimum along the route from the wurtzite to the rock salt type of modification, and it should be accessible via solid state synthesis. Similarly, in the ZnS system the 5-5 structure type might appear at high pressure, but only as a metastable modification (after the wurtzite to the NaCl transition, and not in-between like in the ZnO system).
1* E(V) -Energy as function of volume; and H(p)
-Enthalpy as function of pressure 2* i.e., it is most likely to be accessible as a (meta)stable compound at effective negative pressures 
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The results of these calculations, performed on ab inito level (using LDA), are summarized in Table 1 , showing the cell parameters of the 5-5 structure in different chemical systems and whether they are thermodynamically stabile for some (positive or negative) pressures. We note here that the systems where the 5-5 structure type exists as a stable phase are those with a small negative pressure window between the 6-fold and the 4-foldcoordinated modifications. In systems where the 5-5 type is metastable, the 5-5 type is usually much worse regarding its energy than the other candidates, which suggests that the synthesis is less likely in these systems. Furthermore, the results can be compared with earlier theoretical work involving the 5-5 structure type in earth alkaline metal oxides [15] and alkali metal halides [16] .
Next, we have investigated the correlation between the ratio of ionic radii (r) and transition pressure (p) for these systems. We have observed the transition to the metastable 5-5 structure in the ZnS system, which could occur at about 20 GPa. Similarly, at extreme negative pressures of about -20 GPa, we have observed the 5-5 modification in PbO and SnO, which is very far from other related systems and would be very difficult to reach experimentally. Therefore, we excluded these three systems as unlikely for a synthesis of the 5-5 structure at this point of the investigation. From this analysis, we find the ZnO and the GeSe systems to be the best candidates for synthesizing the 5-5 type structure in binary compounds, and as closest other possibilities the MgO and the NaCl system. Similarly, we have performed a correlation investigation between the ratio of the ionic radii (r) and the calculated energy (E), which has been calculated as the difference between the minimum energy and the energy of the 5-5 structure in a specific system. As a result of using these criteria in the analysis, the tin oxide (SnO) system was discarded as being energetically too high. In contrast, ZnS shows a surprisingly low energy, and therefore, one could choose this system as a strong candidate for the synthesis of the 5-5 structure. However, since this type appears to be metastable, the actual synthesis might be difficult. Therefore, again the ZnO and the GeSe systems are the best choice according to these criteria for synthesizing the 5-5 type, and as the closest alternatives, we identify the MgO and the LiF system.
Finally, we investigate the correlation between the transition pressures (p) and the calculated energies with respect to the global minimum (E) in the various systems (see Fig. 2 ). In order to make such a correlation possible, we exclude the systems with extreme values of energies and transition pressures (PbO, SnO and ZnS). From this correlation we can draw similar conclusions as before, i.e. that again the ZnO and the GeSe system are the best candidates for synthesizing the 5-5 type, while this time the closest alternatives (if we exclude the ionic ratio) would be the CsCl and the CsF system.
IV. Conclusions
In order to find suitable AB compound for synthesis of the "5-5" structure type, we performed data exploration for binary compounds with elements from groups V, IV-VI, and III-VII, followed by local optimizations on ab initio level using the LDA functional. Furthermore, the results were compared with earlier theoretical work involving the 5-5 structure type in the earth alkaline metal oxides and the alkali metal halides. We suggest GeSe and ZnO as the most suitable systems for synthesizing the 5-5 structure type. In both cases, the possibility of synthesis of this 5-fold coordinated structure should exist in a small pressure range between the 6-fold coordinated NaCl and the 4-fold coordinated wurtzite structure type.
